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Abstract

This study explored the ameliorative influence of cinnamon aqueous extract (CIN) in counteracting bisphenol A's (BPA) toxic and negative
effects on male A/bino rats. The male rats (n = 24) were allocated into 4 groups, each with 6 rats. The first group administered distilled water
and corn oil, the 2nd group administered cinnamon extract 400 mg/kg (20% v/v in distilled water), the 3rd group received 10 mg BPA /kg
(1% w/v in corn oil), and the 4th group was given both BPA and cinnamon extract daily for 3 months. The gain in body weight, homeostasis
model assessment—estimated insulin resistance (HOMA-IR), oral glucose tolerance test (OGTT), leptin, resistin, adiponectin, thyroid
hormones T3 and T4, lipid profile, albumin, total protein, aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were
assessed, Moreover, antioxidant capacity (TAC), interleukin-1 beta (IL-1pB), malondialdehyde (MDA), creatinine, urea, uric acid,
hematological examination; the hemoglobin, RBCs count, hematocrit, erythrocyte indices, total leucocytic count and differential leucocytic
count were assayed. Also, liver and kidney tissues were undergoing histopathological investigations. BPA-treated rats showed significant
increases in the OGTT, leptin, resistin, T3, AST, ALT, IL-1B3, MDA, TC, TG, urea, uric acid, and creatinine. While significant reduction
happened with BPA-treated rats in the adiponectin, total protein, TAC, albumin, and HDL. However, there are no significant differences in
body weight, HOMO-IR, Insulin, T4, and all hematological indices. The BPA-induced injury of renal and hepatic tissues. Improved metabolic
parameters and histopathological retrogressive deviations were detected in rats with co-administered CIN and BPA. Adding CIN enhances
and mitigates the negative influences of BPA on metabolism via CIN antioxidant properties and other positive characterization by different
mechanisms.
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1. Introduction

Bisphenol A, (2,2-bis (4-hydroxyphenyl) propane, BPA) is mostly implemented as a monomer to create unsaturated
polyester-styrene resins, flame retardants, and polycarbonate (PC) and epoxy resins [1]. It has been established that BPA
functions as an endocrine disruptor (ED), having significant biological toxicity and estrogenic effects on living things [2].
Additionally, numerous studies have documented BPA escape from PC food vessels, drinking water tanks made of epoxy
resin, and baby bottles [3-5]. Researches have confirmed that endocrine system problems, including heart disease, type 2
diabetes, and others, are strongly interrelated with BPA levels [6]. The livers of male rats that were administered BPA at low
doses display oxidative stress [7]. Moreover, the liver is the principle organ in humans and mammals that is accountable for
the metabolism of BPA [8].

Natural substances derived from herbs cure sicknesses in traditional regional or local medicine [9]. Bio-friendly relatively
safe, eco-friendly and cost-effective herbal medications have stirred from the peripheral to the center with promoted
investigations in the traditional medicine arena [10]. In the 21 century, larger statistics of people pursue safe approaches and
remedies to healthcare, therefore, herbs are attaining importance in healthcare sector. The request for herbal health products,
herbal medicines, nutraceuticals, herbal pharmaceuticals, herbal, cosmetics, food supplements etc., are growing globally
owing to their wide range of safety with neglectable side effects, improved compatibility with normal flora, and accessibility
at inexpensive prices [11].

Cinnamon, Cinnamon zeylanicum from the Lauraceae family, traditional herbal medicine has utilized cinnamon to
treat various medical illnesses Gruenwald et al. (2010). It has gained popularity as a natural product due to theories that it
provides health benefits, including the capacity to decline sugar levels in blood and serum lipids. It has been hypothesized that
cinnamon's active ingredient, cinnamaldehyde, is responsible for the way the spice affects blood glucose [12],
Cinnamaldehyde's insulin endorsing effects have initially been explored, and they are believed to be accountable for
promoting insulin production, improving insulin sensitivity, and improving clearance of insulin [13], Cinnamon is mostly
composed of various essential oils and numerous derivatives, including cinnamaldehyde, cinnamic acid, and cinnamate, all of
which are crucial to the spice's natural antioxidant properties[14], anti-inflammation[15], antidiabetic[16],
antimicrobial[17,18], anticancer[19, 20], and cholesterol- lipid-lowering characteristics[21-23].

This research aimed to evaluate the potential influence of CIN aqueous extract in ameliorating the negative
influence of BPA on insulin sensitivity and hepatorenal toxic effect in male Wistar rats
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2. Experimental (Materials and Methods)
2.1. Plant material and extraction

Cinnamon zeylanicum bark was bought from Ismailia local market, Egypt. Cinnamon was examined in the
Department of Botany, Faculty of Science, Suez Canal University, Ismailia, Egypt. For preparation of cinnamon aqueous
extract, the dried cinnamon barks were crinkled into powder and then stowed until used. The aqueous extract of cinnamon
was equipped by rinsing 200 g of the dry fine powder in (1000 mL) of warm distilled water (40-50 °C) with shaking every
day for 48 hours. Filtration was performed to the later contents through double gauze layers to get cinnamon aqueous extract
of 20% that was kept in refrigerator storage until using [24].

2.2. Experimental Animals

Twenty-four male rats (179-219 g; 5-6 months) of Albino type were bought from the Laboratory Animal House,
Faculty of Science, Ain Shams University, Egypt. Experimental animals were supplied with ordinary rodents' diet ad libitum
and tap water. They were maintained in plastic cages and housed with standardized housing conditions in a ventilated room
subjected to natural light/dark rhythm, temperature (22 - 25 C°), and 47% + 2 humidity. They were kept for 14 days for
acclimatization prior to the experiment. This study was accomplished in accordance to the ethics guidelines for animal use in
the laboratory at the Faculty of Science (REC59/2022), Suez Canal University, Egypt.

2.3. Experimental protocol

Experimental animals were split randomly into 4 groups, six rats each. The first group was given distilled water and corn
oil as vehicles and served as the control group. The second group was given 400 mg/kg (20% v/v in distilled water) of
cinnamon aqueous extract daily via gavage [24]. The 3 group received 10 mg/kg (1% w/v in corn oil) of BPA (Sigma-
Aldrich Co., USA) daily via gavage [25]. The fourth group administered both BPA 10 mg/kg B.wt. and an aqueous extract of
cinnamon 400 mg/kg B.wt. The treatment continued for three months.

2.4. Body and organs weight

Experimental animals’ weights were documented at the commencement and then at the termination of the experiment.
The increase in body weight was computed as follow: final body weight - starting weight. The relative organ weights were
calculated by this rule: absolute weight of the organ or fat mass at the termination of the experiment / body weight at the
experiment terminal x 100.

2.5. Oral glucose tolerance test (OGTT)

After overnight fasting, tail vein blood samples were drawn, and the levels of the glucose in the blood were measured
using an Accu-Chek Active Co., (Germany) glucometer. Following this, the rats were given 1 g/kg of (40%) oral glucose
solution through gavage [26]. The levels of glucose were measured via the glucometer at 0, 15, 30, 60, 90, 120, 150, and 180
minutes intervals.

2.6. Tissue and blood samples collection

At the termination of the experimental duration, male rats were subjected to anesthesia via tetrahydrofuran inhalation.
Retroorbital blood samples were. Two samples for each rat were obtained; the first one was collected in plain tubes and left
for clotting and further serum separation. The second one was collected in EDTA tubs for further hematological examination.
The hemoglobin, RBC count, hematocrit, erythrocyte indices, total leucocytic count and differential leucocytic count were
done according to Hoffman, et al. [27]. Sera were harvested and stored at —80°C and implemented for further biochemical,
antioxidant enzymes, and lipid peroxidation estimation. The kidneys and liver of each rat were immediately enucleated,
blotted with filter paper, and then weighed. A portion of the liver and kidney/ rat were kept in 10% neutral formalin for
histopathology. The Sublembur and epididymal fats were dissected and weight their relative weights were determined. Parts
of Sublembur and epididymal fats were submerged in 10 % neutral formalin for the histopathology.

2.7. Biochemical parameters

Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were estimated spectrophotometrically using
(Gallenkamp® and Sons Ltd.; England) photoelectric colorimeter in accordance with Toro and Ackermann [28]; Duncan, et
al.[29], Urea, uric acid, and creatinine in sera were measured spectrophotometrically using automatic analyzer according to
Jaffe reaction as described by Greenwald [30]. lipid profile calorimetric kits were attained from Diamond Diagnostic Co.,
Egypt. The total cholesterol (TC) was measured following Allain, et al. [31], while triglyceride (TG) and High-density
lipoprotein cholesterol (HDL-C) were done following Fossati and Prencipe [32] and Rifai, et al. [33], respectively.

2.8. Malondialdehyde (MDA) and total antioxidant capacity (TAC)
Serum TAC was measured according to the producer's instructions (Labor Diagnostika Nord GmbH & Co. KG Co., Germany)
[34]. MDA levels were determined spectrophotometrically at 535 nm using a UV-VIS spectrophotometer (Hitachi, Japan).
2.9. HOMA-IR calculation

following the manufacturer's procedures, insulin was measured in the blood via Abnova Co., (Germany) ELISA kit. The
following formula was used to determine homeostasis model assessment-estimated insulin resistance (HOMA-IR): HOMA-IR
= fasting insulin (U/L) x fasting glucose (mg/dL)/ 405, according to Matthews, et al. [35].

2.10. IL-1B, T3 and T4
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Specific ELISA kits (Kamiya Biomedical Co., USA) of cat. no. KT-59938, KT-59940, and KT-18885 were used to
measure levels of free tetraiodothyronine (T4), triiodothyronine (T3), and interleukin-1 beta (IL-1p) in sera. T3 and T4 ELISA
kits had a detection limit of 1 pg/mL, whereas IL-1p had a detection limit of 4.2 pg/mL. The techniques of the former analyses
were carried out following the manufacturer's specifications.

2.11. Leptin and resistin assay

Following the manufacturer's protocol, leptin and resistin levels were determined in sera using a specific ELISA (cat. no.
KT-437, Kamiya Biomedical Co., USA) and (cat. no. RD391016200R, Biovendor Co., Czech Republic). Resistin and leptin
ELISA kits had low detection limits of 0.05 ng/mL and 312.5 pg/mL, respectively.

2.12. Histological assessment

Kidney and liver tissue samples from various rat groups were subjected to fixation in the 10% neutral formalin buffer
solution, then 70% and 100% ethyl alcohol were added after specimens were rinsed in tap water the next day. Samples were
rinsed in xylene for transparency and immersed in paraffin for 24 hours at 60 °C; paraffin blocks were sliced into 4-5 pm
thickness using a sled microtome. After deparaffinization of tissue sections, they were stained with hematoxylin and eosin
then assessed for histological analysis using a light microscope [36].

2.13. Statistical analysis

One-way analysis of variance (ANOVA) was implemented to investigate the variations among groups. Post hoc Tukey’s
test was implemented for inter-group comparisons using GraphPad Prism (Version 5.01, San Diego, USA). The significance
was considered when P < 0.05 among different groups.

3. Results

3.1. Body and organs weight

The experimental rats' weight gain and final body weight were non-significantly changed between the control and other
groups. Furthermore, absolute epididymal fat mass, absolute sublumbar fat mass, relative epididymal fat mass, and relative
sublumbar fat masses were promoted (P< 0.05) in BPA-managed rats in comparison to the control ones. While CIN + BPA
resulted in a statistical (P< 0.05) reduction in absolute epididymal fat mass, absolute sublumbar fat mass, relative epididymal
fat mass, and relative sublumbar fat mass as matched to the BPA rats (Table 1).

Table 1: Effect of oral CIN administration on body weight gain, epididymal fat, and sub lumbar fat masses fat
masses of BPA-intoxicated male Wistar rats for three months. Values are represented as mean + SE (n=24).

Control CIN BPA BPA (10 mg/ kg) +
(400 mg/ kg) (10 mg/ kg) CIN (400 mg/ kg)

Initial body weight (g) 169.00=5.74 16475626 16925325  167.50+5.63
Final body weight (g) 321.75+13.06 347.75+1592 335.00+9.70 324.25+22.28
Final body weight gain (g) 15275+ 1436  183.00+10.68 165.7+7.12 156.75 + 27.83
Absolute epididymal fat mass (g) 3.47+£0.25° 3.86 £0.63° 6.23 £0.42* 3.22+£0.41°
Absolute sublumbar fat mass (g) 5.11+0.78° 4.69 +£0.43° 9.98 +£0.282 5.71 £0.43°
Relative epididymal fat mass (g %) 1.08 + 0.06° 1.10+£0.15° 1.86 £0.12° 1.01 +0.16°
Relative sublumbar fat mass (g %) 1.62 £ 0.30° 1.37+£0.18° 2.98 £0.06* 1.76 £ 0.09°

Superscript letters (a, b, ¢, d) within the same row refer to significance at P < 0.05.

3.2. OGTT

Rat group administrated with BPA demonstrated statistically (P< 0.05) elevated levels of glucose at 30, 120, and 150 minutes
in comparison to the control group. While administration of CIN with BPA statistically (P< 0.05) mitigated the increased the
blood glucose levels at 30, 120, and 150 min as matched with the BPA intoxicated group (Fig. 1)
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Fig 1: Oral Glucose Tolerance Test (OGTT) comparing glucose levels among rat groups control, CIN (400 mg/ kg),
BPA (10 mg/ kg), and CIN (400 mg/ kg) + BPA (10 mg/ kg) in male Wistar rat.

3.3. Blood erythrocyte and differential leucocytic
Hematological examination results of the experimental groups were demonstrated in (Table 2).
All the hematological parameters and leukocyte counts (total and differential) exhibited nonsignificant variation among
groups.

Table 2: Effect of oral CIN administration on the haematological parameters and leukocyte counts (total and
differential) of BPA -BPA-intoxicated male Wistar rats for three months

Values are represented as mean = SE (n=24).

Control CIN BPA BPA (10 mg/ kg) +
(400 mg/ kg) (10 mg/ kg) CIN (400 mg/ kg)

Hemoglobin (g/L) 13.93 £ 0.66 13.80+ 1.61 14.92 +0.34 15.00 +£0.55
RBCs. Count (x10'2/L) 7.97+0.39 7.33+1.81 9.12+0.10 8.18+8.83
Hematocrit (L/L) 45.40+2.13 38.62 +8.27 49.87 +0.98 40.54 +11.00
M.C.V (fL) 57.06£1.16 57.40£6.77 54.67+0.76 56.22 +£1.43
M.C.H (pg) 17.43 £0.38 23.62+7.78 16.32 +0.30 16.87 £0.44
M.C.H.C (g/dL) 30.63 +0.08 38.97+7.94 29.87+0.17 30.05 +0.08
TLC 15.30 +£2.83 14.20+2.43 18.27 +1.54 12.92+0.55
Neutrophils (x10°/L) 45.00 +2.08 37.00+1.91 36.75 +4.83 36.75 +5.43
Lymphocytes (x10° /L) 43.00 +=4.58 50.75+2.78 49.25+4.09 52.75+4.62
Monocytes (x10°/L) 11.00 +£2.51 10.50 + 1.65 12.75+1.93 9.25+1.37
Eosinophils (x10°/L) 1.00 £ 0.00 1.75£0.25 1.25+0.25 1.25+0.25
Basophiles (x10° /L) 0.00 0.00 0.00 0.00
Platelets. Count (x10°/L) 888.66 + 42.46 906.75 £29.32 779.00 £ 112.25 842.25+35.14

3.4. Biochemical parameters
Chronic similarly the levels of creatinine, urea, and uric acid as matched with the control group. The addition of

CIN to the BPA group resulted in a statistical (P< 0.05) reduction in AST and ALT activities beside creatinine, urea, and uric
acid values in serum as matched with the BPA rats. Moreover, the rats group treated with BPA exhibited statistical (P< 0.05)
reduction in the total protein as matched with the control group. Meanwhile, the level of total protein in CIN + BPA rats
statistically (P< 0.05) promoted as compared toxicity with BPA for three months induced a statistical (P< 0.05) increment in
the ALT and AST activities with the BPA-intoxicated rats.

Moreover, the rats group treated with BPA demonstrated a statistical (P< 0.05) decline in albumin level as compared with
the control group. There were statistically (P< 0.05) increased albumin levels in the rats group treated with CIN + BPA as
matched with the BPA-treated rats (Table 3).
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Table 3: Effect of oral CIN administration on liver enzyme activities (AST, ALT), urea, creatinine, uric acid, total
protein, and albumin of BPA-intoxicated male Wistar rats for three months

Control CIN BPA BPA (10 mg/ kg) +
(400 mg/ kg) (10 mg/ kg) CIN (400 mg/ kg)

AST(U/L) 91.75+0.14¢ 88.50 + 0.284 179.05+0.91° 155.75+0.38°
ALT(U/L) 24.15+0.10¢ 24.40 +0.08° 54.00 +£0.122 43.90 +£0.32°

Urea (mg/L) 15.21+£ 0.01¢ 15.08 £ 0.01°¢ 40.42 £0.29° 27.75£0.15°
Creatinine (mg/dL) 0.43 +£0.00° 0.43 +0.00° 1.15+0.012 0.82+£0.01°

Uric acid (mg/) 2.23 +£0.02¢ 2.18 £0.01°¢ 4.62 +0.02° 3.66 +0.01°

Total protein (g/dL) 6.19+£0.01° 6.24+0.01° 4.90+0.01¢ 5.09+0.01¢
Albumin (g/dL) 4.21+0.012 4.23+0.012 3.48 £0.03¢ 3.60 + 0.00°

Values are represented as mean + SE (n=24). Superscript letters (a, b, ¢, d) within the same row refer to significance at P < 0.05.

Administration of BPA for three months induced a statistical (P< 0.05) promotion in TG and TC levels while decreasing
levels of HDL as compared with the control group. The CIN co-administration to the BPA group revealed a statistical (P<
0.05) reduction in TC and TG levels beside a statistical (P< 0.05) promotion in the HDL level as matched with the BPA-
intoxicated rats (Table 4).

3.5. Malondialdehyde (MDA) and total antioxidant capacity (TAC)

There was a statistical (P< 0.05) reduction in the level of TAC in the rat’s group that received BPA as matched with the
control ones. Meanwhile, the treatment of BPA-administered rats with CIN demonstrated a statistical (P< 0.05) promotion in
TAC level as matched with the BPA group. Groups treated with BPA revealed a statistical (P< 0.05) promotion in the level of
MDA as matched with the control one. The administrated group with CIN+ BPA exhibited a statistical (P< 0.05) lessening in
MDA level as matched with the BPA rats (Table 4).

3.6. HOMO-IR
There are non-statistical variations were noticed among groups in insulin resistance HOMO-IR (Table 4).

3.7. Interluken-1beta (IL-1f), thyroid hormones (T3, T4) and insulin

Groups treated with BPA showed statistically (P< 0.05) promoted IL-1 levels as matched with the control rats. The
administrated rat group with CIN + BPA exhibited a statistical (P< 0.05) reduction in IL-1f level as compared with the BPA
group. BPA-intoxicated rats revealed a statistical (P< 0.05) reduction in T3 levels as matched with the control rats, giving
CIN + BPA to rats induced statistically (P< 0.05) promoted T3 levels as compared with BPA-treated group. Intoxication with
BPA induced no significant difference in T4 level as matched with the control rats. While a statistical (P< 0.05) promotion
was noticed in T4 level when CIN co-administered with the BPA as matched with the BPA group. Oral gavage of BPA for
three months exhibited non-significant variation in insulin(Table 4).

3.8. Leptin, resistin and adiponectin

The BPA-treated group showed significantly (P< 0.05) increased the levels of leptin and resistin as matched to the control
rats. Administration of CIN + BPA to rats induced a statistical (P< 0.05) reduction in the levels of leptin and resistin as
matched with the BPA intoxicated group. Moreover, rats given BPA demonstrated a statistical (P< 0.05) reduction in
adiponectin level compared to the control rats. The levels of adiponectin statistically (P< 0.05) augmented in the co-
administration BPA+ CIN group as matched with the BPA intoxicated group (Table 4).

3.9. Histopathological analysis

The study revealed that there were no statistical variations between the CIN group and the control group (Fig. 2A and 2B).
However, in comparison to the control and CIN-supplemented rats, the liver from the BPA-treated group showed significant
retrogressive changes in the parenchyma with signs of hemorrhage (Fig. 2C). In addition, congestion and distention of the
central vein, discontinuity of endothelial lining, infiltration of inflammatory cells, widening of blood sinusoids and early signs
of necrosis with fragmented nuclei of hepatocytes were evident (Fig. 2D and 2E). Signs of micro and macro vacuolar
degeneration (lipidosis) were also frequently apparent in studied hepatic sections (Fig. 2F and 2G). However, BPA-treated
sections co-administrated with CIN revealed marked improvement with low signs of hemorrhage between hepatocytes (Fig.
2H). Likewise, no degenerative alterations were discovered in the kidneys of the groups that received CIN and control. The
kidneys exhibited typical characteristics of Bowman's capsules, including intact epithelium in the glomerulus and renal
tubules (both proximal and distal convoluted tubules). The results from the study of cortical sections revealed that revelation
to BPA caused statistical pathological damage in the kidneys. This damage included glomerular atrophy, extension of acute
proliferative glomerulonephritis, loss of glomerular epithelium, erosion of epithelial cells in the distal and proximal
convoluted tubules, deformation of some tubules, and necrosis in others. In addition, cortical interstitial inflammation,
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congested renal veins, renal interstitial edema, and hemorrhage were irregularly detected (Fig. 3C). These perturbations were
amended in the BPA + CIN group (Fig. 3D).

Table 4: Effect of oral CIN administration on the biochemical parameters of BPA-intoxicated male Wistar

for three months

Control CIN BPA BPA (10 mg/ kg) +
(400 mg/ kg) (10 mg/ kg) CIN (400 mg/ kg)

IL-1B (pg/mL) 3.93+0.01¢ 3.87 £0.02¢ 14.69 £0.01¢ 8.74 £0.03"
TAC (mM/L) 1.68+0.01° 1.75 +0.01* 0.88 + 0.00¢ 1.12 £ 0.00°
MDA (nmol/mg) 1.71 £ 0.00° 1.70 £ 0.00¢ 3.79 +0.00? 3.00 £ 0.00°
TC (mg/dL) 54.88 £ 0.20° 54.32+0.39¢ 120.36 + 0.74* 69.74 +0.70°
TG (mg/dL) 62.45 +0.224 65.11+0.39° 144.80 +0.57° 83.88+£0.31°
HDL (mg/dL) 19.57 +0.09% 2446 £0.15° 13.97+£0.21¢ 15.68 £0.144
T3 (ng/dL) 2.56 £ 0.00* 2.55+0.00? 1.57 £0.00¢ 1.91+£0.02°
T4 (ug/dL) 4.17 £0.00% 4.16 £ 0.00° 4.16 £ 0.00 4.17 £0.00°
Insulin (uU/mL) 1.23 +0.00 1.23 +0.00 1.24 +0.00 1.23+£0.00
Leptin (ng/mL) 274.70 £ 1.53¢ 277.61 £ 1.41° 512.21 £2.75° 464.30 + 4.40°
Resistin (ng/mL) 3.32+0.03¢ 3.36+0.01¢ 8.70 = 0.00* 7.09 £0.01°
Adiponectin (ng/mL) 8.87 £0.00* 8.86 £0.01* 4.78 £0.03¢ 6.84 +£0.02°
HOMO-IR 0.31+0.01 0.32+0.00 0.28 £ 0.00 0.26 = 0.02

Values are represented as mean + SE (n=24). Superscript letters (a, b, ¢, d) within the same row refer to significance at P < 0.05.

Fig. 2 (A-H): Representative microphotographs of hepatic tissues in male Albino rats. (A) control and (B) CIN (400
mg/ kg) groups showing normal hepatocytes and hepatic blood vessels (veins and sinusoids). (C-G) The BPA-
intoxicated group (10 mg/ kg) showed marked destruction of hepatic architecture, hemorrhage (black arrows),
enlargement and congestion of the central vein () with discontinuity of endothelium lining (V), inflammation (green
arrows), widening and congestion of blood sinusoids (*), signs of hepatocellular necrosis (black circles) with
fragmented nuclei, and multiple vacuolar degenerations; micro (yellow circles) and macro (yellow arrows). (H) The
BPA (10 mg/ kg) + CIN (400 mg/ kg) group showed typical liver architecture with a minor degree of haemorrhage.
Haematoxylin and eosin stain, Mag. X 200, Bars = 100 pm.
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Fig. 3 (A-D): Representative microphotographs of cortical region of renal tissues in male A/bino rats. (A) control and
(B) CIN (400 mg/ kg) groups showed normal Bowman's capsules, intact epithelium in the glomerulus (G), Bowman's
space (BS), normal proximal (PRT) and distal convoluted tubules (DRT). (C) The BPA (10 mg/ kg) -treated group
showed glomerular atrophy (yellow circle), acute proliferative glomerulonephritis (black circles), epithelial erosion in
the convoluted tubules (red arrows), tubular deformation (DeRT), renal tubular necrosis (NeRT), cortical interstitial
inflammation (blue arrow), congested renal vein (*), edema (e), and hemorrhage (black arrows). (D) The BPA (10 mg/
kg) + CIN (400 mg/ kg) group showed mildly inflamed glomerulus (G), few appearing atrophy (yellow circle), and the
major restoration of the glomerular epithelium (square), with normal PCT and DCT. Hematoxylin and eosin stain,
Mag. X 200, Bars =100 pm.

4. Discussion

Recently, lots of metabolic disorders have been increased, and several studies investigated the actual causes, but
there is no sure result showing the cause; various animal studies suggested that endocrine disruptors are the first possible
reason for BPA. Acquaintance to BPA primes the presence of disturbances in metabolism like obesity, alteration of glucose
homeostasis, and retrograde influences on biochemical parameters [37]. Actually, BPA increases the oxidative load in the
body by upsetting the antioxidant/prooxidant homeostasis inside the cells [38]. So, this study investigated the mitigation
influence of the CIN aqueous extract versus the metabolic adverse influences of BPA.

This study, throughout 90 continuous days, showed non-statistical alteration in body weight gain and the final body
weight among the tested groups. These outcomes were same as the later reports of Takahashi and Oishi [39], Bindhumol, et al.
[40], and Morgan, et al. [38]. On the other side, contradictory results were shown by Razzoli, et al. [41]. They declared that
0.1 mg/kg BPA induced a statistical decrease in body weight as matched with the control ones. Aboul Ezz, et al. [42] declared
a considerable rise in the of gain body weight of BPA-treated animals. These discrepancies may be claimed to the treatment
period, dose, routes, food type, sex, or strains of rats.

Based on the present study results, absolute epididymal fat mass, absolute sublumbar fat mass, relative epididymal and
sublumbar fat masses were increased in the BPA group as matched to the control ones. These outcomes were consistent with
the previous report of Hoque, et al. [43]. BPA, this estrogenic compound, could inhibit adiponectin secretion via its binding to
estradiol receptors, specifically ERa and ERp, also BPA could reduce adiponectin production while increasing inflammatory
cytokines via working on macrophages and adipocytes [44]. Oxidative stress and mitochondrial malfunction lead to increased
adipocyte differentiation and fat accumulation, in addition to insulin resistance [45]. The existence of cytokines for
inflammation, like IL-6, induces inflammatory response in the fat tissue, inhibits lipolysis, and hence increases the fat
masses[46].

The contemporary study declared that the gavage of CIN to the BPA group induced a statistical reduction in absolute
epididymal fat mass, absolute sublumbar fat mass, relative epididymal and sublumbar fat masses as matched to the BPA-
administered group. CIN aqueous extract pretreatment may reduce body weight by decreasing fat mass percentage, consistent
with Kabuto, et al. [47]. So, the treatment with CIN aqueous extract mitigated the negative effects of BPA by acting as an
antioxidant on these tissues, adipocytes may produce or secrete less adiponectin, leading to the progress of insulin-resisting
adipokines [48], CIN extract possesses antioxidative properties owing to the capability of phenolic components to sequestrate
ROS. Cinnamic acid and coumarin can scavenge hydroxyl radicals, superoxide anions, and other free radicals [49]. CIN has
been shown to improve glycogen storage by modulating glycogen synthesis activity [50]. CIN extract has a potential role as a
blood glucose reducing agent; this could be due to the existence of antioxidant chemicals like Type-A Polymer water-soluble
polyphenol, which affects and lowers the resistance of insulin. Moreover, the presence of cinnamic acid, and cinnamaldehyde
in the CIN aqueous extract [51-53]. Actually, CIN extract enhances glucose transfer or acceptance by glucose transporters,
specifically GLU-4, in brown fat tissue and muscles [54].
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The study results of OGTT demonstrated a significantly elevated glucose level in the rat groups administrated with BPA as
matched with the control rats. CIN administration to BPA-intoxicated group significantly mitigated the increased blood
glucose values as matched with the BPA group. These results have coincided with later research of Alonso-Magdalena, et
al.[55] & Nadal, et al. [56]. BPA may cause glucose intolerance and disrupt B cell function of pancreas [57]. Pancreatic injury
causes decreased insulin release and elevated blood glucose levels [58]. CIN possesses insulin-like properties, comprising the
ability of biologically active ingredients to trigger receptors of insulin kinase, increase glucose absorption,
autophosphorylation of the receptors of insulin, and the activity of glycogen synthase [59]. CIN extract improved insulin
sensitivity and increased glucose intake [60]. Ingredients of CIN that are water soluble have been discovered to boost the
efficacy of signaling the insulin system and, hence, diminish glucose levels [61]. CIN extract promotes uptake of the glucose
via instigation of the activity of insulin receptor kinase, promoting synthesis of the glycogen, suppressing gluconeogenesis by
influencing the principal regulatory enzymes, enhancing the release of insulin, and stimulating the function insulin
receptors[62]. Moreover, CIN aqueous extract can improve the uptake of glucose and the synthesis of glycogen via
stimulating synthesis of glycogen while hindering glycogen synthase kinase 3B and falling the intestinal glucose absorption
by boosting the activity of glycosidase enzyme. Furthermore, the CIN extract significantly abridged alanine in the digestive
system of rat, which constitutes an important part of hepatic gluconeogenesis [63].

In the existing study, all the hematological parameters and leukocyte counts (total and differential) exhibited
nonsignificant variation among the experimental groups. These results match with the former outcomes of Ahmed, et al. [64].
Many other studies with high BPA doses revealed statistical decline in hematological parameters [65-69].

Activities of hepatic ALT and AST in the BPA-administered group were significantly increased as matched with the
control. These results harmonized with Hassan, et al. [25], and Mahmoudi, et al. [70]. ALT and AST are essential enzymes
linked with hepatic parenchymal cells, when there is liver damage, these enzymes seep into the bloodstream and are evaluated,
As liver damage progresses, both enzymes become more active [71]. The ALT and AST activities were statistically increased;
these were attributed to the impairment in the hepatic tissue [72, 73]. These elevations in the liver enzymes activity may be
claimed to overrun of reactive oxygen species ROS may harm the integrity of hepatocytes structure, resulting in a rise in liver
serum indicators [74]. The study showed the administration of CIN with BPA promoted a statistical decline in AST and ALT
activities as matched with the BPA ones. This finding is consistent with Torabi, et al. [75]. The decrease in the levels of
enzymes (ALT and AST) beside the hepatoprotective effect of the CIN aqueous extract was attributed to its antioxidative
properties, which can quench ROS and rouse general antioxidant system of cells [76].

Total protein and albumin results showed a statistical decline in the BPA-intoxicated rat group as matched with the control
rat group. These results were harmonized with Geetharathan and Josthna [77] and Moon, et al. [78]. Albumin constitutes
about half the protein content in serum; a diminution in albumin is usually allied to a reduction in total protein, even if most
other proteins are exist in normal concentrations; a decline in total protein in serum may reflect augmented protein loss or
reduced protein synthesis [79]. Serum total protein content is thought to reflect a symmetry between the rates of protein
creation and decline. Moreover, BPA is established to produce mitochondrial oxidative stress which leads to protein
damage[80, 81]. The CIN-pretreated rat group, which was intoxicated by BPA, showed significantly elevated levels of
albumin and total protein in the serum as matched with the BPA-intoxicated rat group. These results obtained were concurring
with those presented by Elshopakey and Elazab [82]. CIN extract showed elevated serum total protein levels to approximately
normal levels, indicating hepatoprotective action; CIN extract and its active component, cinnamaldehyde, have been shown to
effectively restore liver enzymes to acceptable levels by stimulating protein synthesis, which promotes liver cell creation and
regeneration [83].

Chronic toxicity with BPA for three months encouraged a statistical increment in the serum urea, creatinine, and
uric acid levels as compared to the control one, these parameters are mostly used in the assessment of kidney functions; these
results were consistent with findings that were reported by Bancroft and Gamble [36]. The study reflects that BPA has an
undesirable influence on the renal tissue and principals adverse impacts on kidney function, the diminished capability to waste
products excretion like (urea, creatinine, and uric acid) can be resulted in a defect tubular function and glomerular filtration as
detected in the current histological renal sections. The impairments in renal function noticed reflect the destructive effect of
BPA on the renal glomeruli [84]. Creatinine is often used to indicate glomerular function [85]. Kidney injury impairs the
kidney's ability to eliminate creatinine and urea, resulting in their accretion in the blood; as a result, raised blood creatinine
and urea levels, usually, creatinine high levels in the blood, are castoff as a pointer of kidney damage [86].

Previous research has reported that oxidative stress is known as an inequity in the generation of ROS and antioxidant
defenses that causes oxidative damage; exposure to BPA diminishes the antioxidants; superoxide dismutase enzyme (SOD)
and glutathione (GSH) in renal tissues, this disproportion generated kidney oxidative stress leading to oxidative damage in
kidney with increased MDA as an index for lipid peroxidation.

The standard range of creatinine levels in rats’ sera are 0.2—0.8 mg/dl [87]. The herein study demonstrated that the
creatinine level in BPA-intoxicated rats was 1.15 mg/dl while the BPA-treated rat that co-administrated with CIN extract
showed a significant reduction in creatinine level almost considered as maximum normal range of 0.82 mg/dl. CIN has
mitigated the adverse outcome of BPA on kidneys' parameters. This was harmonized with the previous conclusion of Lusiana,
et al. [88]. Moreover, previous studies recorded that cinnamaldehyde considered as the main active constituent of CIN extract
components has been demonstrated to hinder the levels of urea and creatinine and has a highly effective antioxidant role in the
kidney tissues, the machinery that takes part by overwhelming oxidative stress from several oxidative reactions that happen in
the kidneys, as well as flavonoids, Alkaloids, cinnamaldehyde, tannins, saponins, and polyphenols, are chemical compounds
found in CIN extract that can hinder the existence of lipid peroxides by stopping free radicals and promoting the antioxidants
concentration inside cells also have anti-inflammation assets [89, 90].

Intoxication of BPA for 3 months induced a statistical increment in TC and TG levels while decreasing HDL levels
than control. These outcomes were harmonized with that obtained by Marmugi, et al. [91] and Robertson, et al. [92]. This
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research proposes that BPA oral exposure may cause and accelerate hyperlipidemia by disturbing oxidative systems which
leads to damage or dysfunction in the hepatocytes and mitochondrion in adult male rats. The higher TC and TG levels
obtained here may be the outcome of the noticed BPA-provoked peroxidative influences, which were inveterate via the
hepatic histological changes. Previous research suggests that free BPA causes free radicals and oxidative stress generation[93].
Antioxidants, both enzymatic and non-enzymatic, constitute a crucial role in counteracting the influences of ROS. The
dramatic decrement in catalase activity in BPA-exposed livers designates a disturbed oxidant-antioxidant equilibrium, which
leads to membrane damage, while decreased catalase activity has been linked with a statistical increase in ROS production [94,
95]. The herein study demonstrated that the co-administration of CIN + BPA caused a statistical reduction in TG and TC
levels beside a statistical promotion in the HDL level as matched with the BPA rats. These outcomes were parallel to those
presented by Khan, et al. [96] and Alsoodeeri, et al. [97]. CIN extract, in addition to its antioxidant properties, may reduce
hyperlipidemia by constraining B-hydroxy p-methylglutaryl-CoA reductase, a lipid metabolism enzyme; this action reduces
cholesterol synthesis in the hepatic cells and suppresses the peroxidation of lipids [98]. Promoted lecithin cholesterol acyl
transferase activity by CIN, which regulates blood lipids, can lead to higher HDL levels [99, 100]. Cinnamon's lipolytic effect
may induce lower TG levels hence inhibiting TG synthesis that may contribute to the low blood TG level [101].

Previous research has reported that oxidative stress is known as an inequity in the generation of ROS and
antioxidant defenses that causes oxidative damage; exposure to BPA diminishes the antioxidants; superoxide dismutase
enzyme (SOD) and glutathione (GSH) in renal tissues, this disproportion generated kidney oxidative stress leading to
oxidative damage in kidney with increased MDA as an index for lipid peroxidation.

The standard range of creatinine level in rats’ sera is 0.2—0.8 mg/dl [87]. The herein study demonstrated that the
creatinine level in BPA intoxicated rats was 1.15 mg/dl while the BPA-treated rat that co-administrated with CIN extract
showed a significant reduction in creatinine level almost considered as maximum normal range 0.82 mg/dl. CIN has mitigated
the adverse outcome of BPA on kidneys' parameters. This was harmonized with the previous conclusion of Lusiana, et al.[88].
Moreover, previous studies recorded that cinnamaldehyde considered as a main active constituent of CIN extract components
has been demonstrated to hinder the levels of urea and creatinine and has a highly effective antioxidant role in the kidney
tissues, the machinery that takes part by overwhelming oxidative stress from several oxidative reactions that happen in the
kidneys, as well as flavonoids, Alkaloids, cinnamaldehyde, tannins, saponins, and polyphenols, are chemical compounds
found in CIN extract that can hinder the existence of lipid peroxides by stopping free radicals and promoting the antioxidants
concentration inside cells also have anti-inflammation assets [89, 90].

Intoxication of BPA for 3 months induced a statistical increment in TC and TG levels while decreasing HDL levels
than control. These outcomes were harmonized with that obtained by Marmugi, et al. [91] and Robertson, et al. [92]. This
research proposes that BPA oral exposure may cause and accelerate hyperlipidemia by disturbing oxidative systems which
lead to damage or dysfunction in the hepatic cells and mitochondrion in adult male rats. The higher TC and TG levels
obtained here may be the outcome of the noticed BPA-provoked peroxidative influences, which were inveterate via the
hepatic histological changes. Previous research suggests that free BPA causes free radicals and oxidative stress generation[93].
Antioxidants, both enzymatic and non-enzymatic, constitute a crucial role in counteracting the influences of ROS. The
dramatic decrement in catalase activity in BPA-exposed livers designates a disturbed oxidant-antioxidant equilibrium, which
leads to membrane damage, while decreased catalase activity has been linked with a statistical increase in ROS production [94,
95]. The herein study demonstrated that the co-administration of CIN + BPA caused a statistical reduction in TG and TC
levels beside a statistical promotion in the HDL level as matched with the BPA rats. These outcomes were parallel to those
presented by Khan, et al. [96] and Alsoodeeri, et al. [97]. CIN extract, in addition to its antioxidant properties, may reduce
hyperlipidemia by constraining B-hydroxy p-methylglutaryl-CoA reductase, a lipid metabolism enzyme; this action reduces
cholesterol synthesis in the hepatic cells and suppresses the peroxidation of lipids [98]. Promoted lecithin cholesterol acyl
transferase activity by CIN, which regulates blood lipids, can lead to higher HDL levels [99, 100]. Cinnamon's lipolytic effect
may induce lower TG levels hence inhibiting TG synthesis that may contribute to the low blood TG level [101]. There was a
statistical upsurge in MDA and IL-1f levels in rat groups that received BPA as matched with the control ones, while the TAC
was declined. The results presented in this study were harmonized with previous reports by Elswefy, et al. [102]. Moreover,
Abdelrazek, et al. [103] noticed that the BPA treatment caused immunological change, including increased IL-1f levels,
which were attributed to ROS and BPA's ability to trigger lipid peroxidation. Rats treated with BPA had significantly
increased MDA levels, which suggest that the antioxidant-oxidant balance was disturbed; oxidative stress disrupts the
equilibrium between the antioxidant and oxidant systems in cells. Causing damage to the antioxidant system by BPA toxicity
can be designated as oxidative damage and the production of free radicals, as well as the deterioration of cell integrity in
mammals; lipid peroxidation products such as MDA frequently induce neurotoxicity, hepatotoxicity, and nephrotoxicity; this
appears throughout increasing the MDA levels and decreasing the TAC in rats' organs and tissues [104, 105]. The rat group
administered with CIN + BPA exhibited a statistical decline in IL-1p and MDA levels as matched with the BPA group, with a
statistical promotion of the TAC level. The later results were coincided with the study Das, et al. [106]. Theorizing that after
administration of CIN extract, there is lesser vulnerability to cellular oxidative damage, may be owing to the existence of
flavonoids [107]. Extracted polyphenol type-A procyanidin from CIN bark shows anti-inflammatory potentials in rats [108].

The BPA rats treated group revealed a statistical increase in leptin and resistin levels as matched to the control ones,
while the adiponectin level was significantly reduced. Also, in the current research, there are non-statistical variations among
groups, neither insulin levels nor insulin resistance HOMO-IR. These findings were in harmonization with that of Elgawish,
et al. [109], Ariemma, et al. [110] and Ahangarpour, et al. [111]. Resistin and leptin, among these hormones, constitute
potential interplays in glucose homeostasis and body weight regulation, resistin and leptin act in opposite ways with similar
outcomes. They intermingle with each other, usually rising levels of resistin and leptin appear in obesity models of rodents.
Such obesity can happen either by fat nutrition or chronic exposure of living organisms for contaminations like BPA. This
phenomenon is closely associated with adipocytes-secreted signaling molecules such as adiponectin, fatty acids, leptin, and
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resistin, resulting in glucose imbalance and hence led to obesity [112]. BPA alters the normal endocrine paths in adipose
tissue, leading to an amplified hazard of obesity [113]. Adipocytes produce resistin and leptin, which are cytokines [114].
Chronic inflammation is a consequence ad for these adipokines secretion [115]. This may lead to many degenerative
disorders[114]. Leptin and resistin lead to promoted ROS [116, 117]. Furthermore, they lead to an increment in cytokines of
inflammation [118, 119]. The increased leptin and resistin encounters for the increased glucose level observed during OGGT
observed in the current study. Several studies illustrated that the close association between the resistance of insulin and high
resistin plasma levels in obese cases [120]. BPA, an estrogenic chemical, can inhibit adiponectin secretion by dimerization to
estradiol receptors, specifically ERB and ERa, BPA affects macrophages and adipocytes, decreasing adiponectin and
increasing cytokines of inflammation [44]. Administration of CIN with BPA to rats persuaded a statistical decline in leptin
and resistin levels as matched with the BPA group while increasing adiponectin concentration. These outcomes were in
harmony with that of Sfar, et al. [121] and Friedman [122]. CIN is known for its ability to mimic insulin [123, 124]. CIN
extract can increase autophosphorylation of insulin receptors and inhibit protein tyrosine phosphatase-1, which disables the
insulin receptor in fat cells; CIN may impact protein phosphorylation and dephosphorylation in intact adipocytes [61]. CIN
extract prevents insulin resistance in rats, this is due to the stimulation of insulin signaling, potentially through the NO route in
skeletal muscle. These effects could be encountered in the normalized plasma lipid profile in the BPA + CIN group. CIN
extract enhances the function of insulin receptors by inhibiting phosphatase and activation of kinase, while hindering the
enzyme that averts insulin receptor connection. This condition triggers the phosphorylation of insulin receptors, which
enhances its actions [124]. CIN promotes glucose absorption and glycogen production by triggering glycogen synthase and
inhibiting glycogen synthase Kinase 3f, limiting intestinal glucose absorption [63, 125, 126]. Cinnamate, an ingredient found
in CIN bark, drops cholesterol levels by hindering liver 5-hydroxy-3- methylglutaryl-CoA reductase activity in rats [98]. So,
this suggested mechanism, as well as the antioxidant abilities of flavonoid components, may interpret the decreased levels of
leptin and resistin of CIN-treated rats due to diminished fat mass of adipose tissue and, of course, decrease the mentioned
hormones when adipose tissues return to its normal size and mass. Adiponectin hormone affects various biological activities
in the adipose tissue. Serum concentrations of this adipokine decrease with chronic illnesses and resistance to insulin [127].

Rats that were given BPA produced a statistical lessening in T3 and T4 levels. These results were harmonized with
Moriyama, et al. [128]. The BPA administration influences the thyroid system by inhibiting thyroperoxidase enzyme activity
and/or weakly binds to the T3 and T4 receptors (Schmutzler et al., 2007; Moriyama et al., 2002; BPA acts as an antagonist to
T3, which inhibits transcription activity of these receptors’ activation [129]. Furthermore, decreased TAC in the BPA group
led to oxidative load and elevated ROS, resulting in fragmentation of DNA and degenerative changes in the thyroid
tissue[130]. Moreover, there were significant increases in T3 and T4 levels with the co-administration of CIN with the BPA
rats group matched to the BPA rats. These outcomes were in agreement with Gaique, et al. [131]. These findings refer to the
ability of CIN aqueous extract to amend the adversative potentials of endocrine disruptors on the levels of thyroid hormone,
which could be claimed to the existence of several bio-active ingredients in the CIN extract [132, 133].

The histopathological results showed significant hepatic tissue disturbances, including lipidosis and inflammation
with signs of hepatocellular necrosis. These findings align with those of the Amin, et al. [134] study, which demonstrated that
giving adult male albino rats 50 mg/kg of BPA orally for 2 months leads to liver injury and oxidative stress. Moreover, the
herein results deep-rooted the outcomes of earlier studies declaring that BPA administration male offspring mice induced lipid
accumulation and fatty liver through the upregulation of PPARY and inhibition of HNF1b [135]. Additionally, BPA exposure
can result in extreme de novo fatty acid synthesis, leading to lipid gathering in the hepatocytes and afterward increasing serum
lipid profile [134]. The liver function tests, including AST, ALT, total protein, TG, and TC, were used to judge the occurrence
of hepatic inflammation or injury.

Cinnamon co-treatment (400 mg/kg) with BPA improved the liver appearance, thus reflected on the restored liver
profile, including AST, ALT, total protein, TG, and TC biomarkers. Previous studies have been found that CIN has a
protective effect due to its phytoconstituents such as flavonoids and phenolic contents, which help in free radicals scavenging
and reducing oxidative stress, the chief machinery of action [136].

The severe kidney lesions noticed in the BPA-intoxicated rats align with earlier reports of Ola-Davies and
Olukole[137] and Nuiiez, et al. [138]. These findings reflect that BPA hurts the kidneys and leads to a worsening of kidney
function, as it correlates positively with currently obtained data on the elevated urea, creatinine, and uric acid levels in our
study. It is settled that the alteration of renal tubular function after BPA administration results from both BPA-induced
glomerular and tubular dysfunctions [135]. The study found that co-administration of CIN to the BPA-contaminated rats
prevented BPA-induced nephrotoxicity. The improvements in creatinine, urea, and uric acid within the retrogressive
deviations in renal structure all supported this conclusion. In the same line, parallel results were gained by Morgan, et al.[139]
study, which concluded that CIN could amend the renal toxic oxidative influences of BPA, representing its shielding
antioxidant potential.

5. Conclusions

Chronic oral exposure to BPA causes metabolic dysfunction in adipocytes, hypothyroidism, and glucose intolerance. The
negative effects were linked to decreased antioxidant reserves and increased adipokines and inflammatory cytokines. Co-
administration of CIN aqueous extract with BPA enhanced glucose homeostasis, fat mass, and thyroid hormones, perhaps
alleviating inflammation and oxidative stress in BPA-provoked metabolic disturbances. CIN components have antioxidant
properties that prevent BPA-induced metabolic syndrome or diminish the negative adverse effect of BPA to the almost normal
range.
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Capacity; ALT: Alanine aminotransferase; AST: Astatine aminotransferase; HOMA-IR: Homeostatic Model Assessment for
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